Background/purpose: Cell adhesion molecule 1 (CADM1) functions as a tumor suppressor and has been identified to be frequently inactivated in breast cancer, and closely associated with patients' poor prognosis and advanced TNM stage. However, the mechanisms underlying CADM1 in breast cancer progression remains incompletely clear. miR-155, a predicted modulator of CADM1 was reported to be overexpressed in breast cancer, and its high expression level was closely related to the malignant progression of breast cancer. The present study aimed to explore whether miR-155-3p could modulate CADM1 expression and then involved in the progression of breast cancer. Methods: The expression patterns of miR-155-3p in breast cancer tissues and cell lines were determined by RT-PCR technology. The relationship between CADM1 and miR-155-3p were determined by the luciferase gene reporter and Western Blot (WB) assays. Cell proliferation, apoptosis rates and tumorigenesis were determined by CCK-8, flow cytometry and in vivo xenotransplanation experiments, respectively. Results: miR-155-3p was up-regulated in breast cancer tissues and cells when compared to the adjacent normal tissues and normal breast MCF 10A cells. The mRNA and protein levels of CADM1 showed opposite expression patterns to that of miR-155-3p expression detected, and miR-155-3p could negatively regulate CADM1 expression in breast cancer MCF-7 cells. Moreover, gain-of function assay showed that overexpression of miR-155-3p promoted cell proliferation, tumorigenesis and repressed cell apoptosis, but these effects were all significantly impaired when the cells were simultaneously transfected with OE-CADM1, the overexpressing vector of CADM1. Conclusion: This study revealed that miR-155-3p could accelerate the progression of breast cancer via down-regulation of CADM1 expression.
Introduction
Breast cancer is the second most frequent tumor among all kinds of cancers and accounts for the leading type of tumor in women, with an increasing incidence every year worldwide. 1 Although advances in oncological therapy have improved the survival rates of breast cancer patients, a large number of patients still suffer postsurgical pain, as well as tumor progression and metastasis. 2 Overall, the prognosis for patients with breast cancer still remains dim. 3 Therefore, new therapeutic strategies are urgently needed to be explored to shed light on molecular mechanisms underlying breast cancer progression.
Cell adhesion molecule 1 (CADM1), also known as TSLC1 (tumor suppressor in lung cancer 1), was first found to function as a tumor suppressor in non-small cell lung cancer cells in 2001. 4 CADM genes exert a protect role against malignant conversion and metastasis through maintenanceof epithelia. CADM1 is frequently lost in invasive lung adenocarcinoma lesions when compared with those non-invasive lung adenocarcinoma lesions. 5 In recent years, accumulated evidences have confirmed that CADM1 is always inactivated in breast cancer, and its inactivation closely associated with patients' poor prognosis and advanced progression. [6] [7] [8] For example, a study published by Saito et al 8 reported that 76.9% (160/ 208) of primary invasive breast cancer tissues showed CADM1 negative expression, and lack of CADM1 expression in these cases was associated with advanced tumor stage, suggesting a vital role of CADM1 plays in breast cancer. However, the mechanisms underlying CADM1 in breast cancer still remains largely unclear.
MicroRNAs (miRNAs) are a series of small singlestranded non protein coding RNAs (20-25 nucleotides) and serve as primary negative regulators of 60% of all human protein coding genes at post-transcriptional level. [9] [10] [11] MiRNAs are reported to be involved in multiple physiological processes, such as cell cycle, growth, apoptosis, differentiation and metabolism, and can function as both tumor suppressors and oncogenes. 12 MiR-155 was significantly elevated in breast cancer tissues compared to normal adjoining tissues and the high levels of it displayed a statistical association with the positive lymph node metastasis status, particularly for triple negative breast cancer patients. 13 Conformably, Zheng et al 14 found that miR-155 expression was significantly higher in breast cancer tumor tissues than that in the matched non-tumor tissues, and its high expression levels closely related to lymph node positivity, advanced clinical TNM stage and higher proliferation index. In addition, they also found that knockdown of miR-155 obviously promoted cell apoptosis and reduced cell viability in breast cancer HS578T cells. However, the underlying mechanism of miR-155 in breast cancer is still unknown. Bioinformatics analysis shows that CADM1 is a predicted target of miR-155-3p, but whether CADM1 is under a negative regulation of miR-155-3p in breast cancer remains unknown.
The present study aimed to explore the expression patterns of miR-155-3p and CADM1 in breast cancer, and investigate the relationship between miR-155-3p and CADM1, with the ultimate goal of determination that whether miR-155-3p promotes the progression of breast cancer through down-regulating CADM1 expression.
Materials and methods

Patients and samples obtain
One hundred and twenty-eight paired fresh cancer tissue samples and normal r tissue samples were obtained from patients with breast cancer in Jining No.1 People's Hospital between January 2012 and December 2016. All patients were not subjected to preoperative radiotherapy and/or chemotherapy and all provided written informed consent. The diagnosis and histological grade of each breast cancer were independently determined by two pathologists on the base of WHO classification. 15 Experiments involving human samples were performed in accordance with the Helsinki Declaration and were approved by the ethical committee of Jining Medical University. 
Cell culture
Cell transfection
Small interfering RNAs (siRNAs) (si-CADM1; No. SR308445, OriGene, Beijing, China) and short hairpin RNA (shRNA) (sh-CADM1; No. TL312210, OriGene) targeting human CADM1 gene were used to down-regulate CADM1 expression. The overexpressing plasmid of CADM1 (OE-CADM1; No. SC115048, OriGene) was used to up-regulate CADM1 expression. To silence and overexpress miR-155-3p, the mimics and inhibitors of miR-155-3p were synthesized by GenePharma (Shanghai, China). Lipofectamine 2000 transfection reagent (Invitrogen, CA, USA) was used for cell transient transfection, referring to manufacturer's instruction.
Mimics-miR-155-3p: 5'-CUCCUACAUAUUAGCAUU AACA-3', Mimic-NC: 5'-UUCUCCGAACGUGUCACGUTT-3'; Inhibitors-miR-155-3p: 5'-UGUUAAUGCUAAUAUG UAGGAG-3', Inhibitor-NC: 5'-CAGUACUUUUGUGUAGUACA A-3].
Total RNA isolation and real-time PCR (RT-PCR) Trizol reagent (Invitrogen) was used to extract the total RNA from breast cancer tissues, adjacent non-tumor tissues and cell lines, conforming to the producer's recommendations. Following reverse transcription with the TaqMan® MicroRNA Reverse Transcription Kit (Applied Biosystems, CA, USA), miR-155-3p and U6 expression patterns were detected by RT-PCR with TaqMan® MicroRNA Assays (Applied Biosystems) in accordance with the manufacturer's directions. The expression patterns of CADM1 and GAPDH were measured with QuantiTect Reverse Transcription Kit and RT-PCR Kit (Qiagen, Beijing noble Ryder Technology Co. LTD, Beijing, China). The mRNA expressions were assessed by relative quantification using the 2 −ΔΔCt method. U6 and GAPDH expression levels were used to normalize miR-155-3p and CADM1, respectively. The primers used for this study were listed as follows:
GAPDH-forward (F): 5'-GAGAAGGCTGGGGCTCA TTT-3', GAPDH-reverse (R): 5'-AGTGATGGCATGGACTG TGG-3'; CADM1-F: 5'-CCACAGGTGATGGGCAGAAT-3', CADM1-R: 5'-TTCCTGTGGGGGATCGGTAT-3'; U6-F: 5'-CTCGCTTCGGCAGCACA-3', U6-R: 5'-AACGCTTCACGAATTTGCGT-3'. 
Western blot analysis (WB)
Flow cytometry
The effects of miR-155-3p/CADM1 axis on the apoptosis of MCF-7 cells was assessed by flow cytometry with Annexin V (FITC)/PI Apoptosis Detection Kits (BD Biosciences, USA) according to the manufacturer's instructions. After 48 h of cell transfections, MCF-7 cells were collected and washed with PBS, followed by incubation with the Annexin V-FITC and PI solution. The fluorescent signal was measured by flow cytometry within 1 h of the staining. FITC-/PIquadrant represents living cells, FITC+/PI-represents early apoptotic cells and FITC+/PI+ represents late apoptotic cells.
Luciferase report assay
The 3ʹ UTR sequence of CADM1 mRNA (wild type, WT) and the mutated sequence within the binding sites among miR-155-3p and CADM1 (mutated type, MT) were inserted into the pmiR-GLO dual-luciferase vector (Promega, WI, USA). Subsequently, cells were co-transfected with mimics or mimic-NC together with WT or MT. After 48 h of the transfections, cells were collected and submitted to a dual-luciferase reporter gene assay system (Promega). Renilla luciferase activity was used as an internal control.
In vivo model establishment and treatment
All procedures referring to animal experiments in this study were performed in accordance with the principles and procedures of the National Institutes of Health Guide for the Care and Use of Laboratory Animals and were approved by the ethical committee of Jining Medical University. Four-week-old male BALB/c nude mice (20-22 g) were purchased from Shanghai SLAC Laboratory Animal Co, Ltd. (Shanghai, China). The mice were fed in separate cages in a pathogen-free environment, under a 12 h-light/dark cycle. MCF-7 cells transfected with control, mimics, mimic + CADM1, inhibitors and inhibitor + sh-CADM1 were resuspended with 200 μL PBS and then subcutaneously injected into BALB/c mice (n=10 for each group). The mice were euthanized 21 days post-injection. Then the tumors were took out and the weights were recorded.
Statistics
All data are presented as mean ± the standard deviation (SD). Differences between groups were evaluated by SPSS 17.0 software. Specifically, student's t-test or oneway ANOVA test was executed to compare the differences between two groups or more. A log rank with Kaplan-Meier survival analysis was performed to assess the overall survival (OS) of breast cancer patients with high/low expression of miR-155-3p. A P-value<0.05 was considered statistically significant.
Results
miR-155-3p is highly expressed in breast cancer tissues and cells
To explore the effects of miR-155-3p on the occurrence and development of breast cancer, we first determined its expression levels in breast cancer tissues and cells through RT-PCR. The results showed that miR-155-3p had a higher expression pattern in breast cancer tissues than that of the adjacent non-tumor tissues ( Figure 1A) . Likewise, miR-155-3p expression was obviously increased in breast cancer cell lines (HCC1937, MDA-MD-231 and MCF-7) as compared to the normal breast MCF 10A cells ( Figure 1B) , and we chose MCF-7 cells for further study. These results suggested that miR-155-3p was overexpressed in breast cancer, and it might function as an oncogene in breast cancer progression.
High expression of miR-155-3p is closely associated with patients' advanced progression and poor prognosis
Then, we analyzed the association between miR-155-3p expression levels and breast cancer patients' progression and prognosis. Eighty-five breast cancer patients with miR-155-3p high expression and forty-three patients with miR-155-3p low expression were chosen for our study. From the statistical analysis results listed in Table 1 , it 
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indicated that high expression of miR-155-3p was closely associated with the high incidence of LN (lymph node) metastasis (P=0.027) and advanced TNM stage (P=0.001).
Moreover, OS was calculated as the time from diagnosis to the date of death or last contact and was used to evaluate the association between miR-155-3p expression levels and patients' prognosis. The results revealed that patients with high expression of miR-155-3p always showed a shorter OS than that in patients with low expression of miR-155-3p ( Figure 1C ).
Overexpression of miR-155-3p promotes cell proliferation and inhibits cell apoptosis in breast cancer
Next, we explored the function of miR-155-3p in the proliferation and apoptosis of MCF-7 cells. Up-regulation of miR-155-3p viamiR-155-3p mimic transfection obviously increased the expression of miR-155-3p, and vice versa (Figure 2A) . Compared with the mimic-NC (negative control) group, MCF-7 cells with miR-155-3p mimic transfection showed a significant increase in cell proliferation, and knockdown of miR-155-3p with inhibitors transfection induced an opposite result ( Figure 2B) . Moreover, up-regulation of miR-155-3p significantly repressed cell apoptosis from 11.43% to 5.32% (total early and late apoptosis), and down-regulation of miR-155-3p apparently promoted cell apoptosis from 10.95% to17.64% (total early and late apoptosis), as compared with that in the control group ( Figure 2C and D) . These data revealed that miR-155-3p served as an oncogene in the progression of breast cancer.
miR-155-3p negatively modulates CADM1 expression in breast cancer
Moreover, we explored the underlying mechanism of miR-155-3p in breast cancer development and determined whether CADM1 took part in this process. First, we assessed the expression level of CADM1 in breast cancer tissues and cells. RT-PCR and WB analysis results showed that the mRNA and protein expression levels of CADM1 were reduced in breast cancer tissues when compared to the adjacent normal tissues ( Figure 3A and B) . Similarly, the mRNA and protein levels of CADM1 in breast MCF-7, HCC1937 and MDA-MB-231 cells were obviously lower than that in MCF 10A, a normal breast cell line ( Figure 3C and D) . Upregulation of miR-155-3p significantly decreased CADM1 expression and down-regulation of miR-155-3p increased CADM1 expression not only in mRNA level but also in protein level ( Figure 3E and F). Furthermore, luciferase report assay showed that the luciferase activity of CADM1 WT vector was obviously decreased when MCF-7 cells were transfected with miR-155-3p mimics as compared with mimic-NC group, whereas this effect was abrogated when the binding sites were mutated ( Figure 3G ). Taken together, these results showed that CADM1 under the negative regulation of miR-155-3p was lowly expression in breast cancer tissues and cells.
miR-155-3p accelerates the progression of breast cancer through down-regulation of CADM1 expression
To explore whether CADM1 takes part in miR-155-3pmediated acceleration in breast cancer progression, I-II  47  21  26  III-IV  81  64  17 Abbreviations: LN, lymph node; ER, estrogen receptor; PR, progesterone receptor; EPR-2, epidermal growth factor receptor.
CADM1 overexpressing plasmid and siRNAs were recruited. siRNA-1 targeting CADM1 gene showed the best knockdown efficiency among the three siRNAs, and OE-CADM1 transfection significantly increased CADM1 expression as compared to the control group ( Figure 4A and B). Knockdown of miR-155-3p obviously enhanced MCF-7 cell proliferation, whereas CADM1 knockdown promoted cell growth and impaired miR-155-3p inhibitor role in proliferation inhibition ( Figure 4C ). Cell apoptosis rate was significantly increased when miR-155-3p was knocked down, whereas CADM1 downregulation induced an opposite result and weakened miR-155-3p inhibitor-mediated cell apoptosis promotion ( Figure 4E ). In addition, si-CADM1 transfection significantly rescued miR-155-3p inhibitorsmediated increases in the relative expression levels of cleaved caspases3/caspase3 and Bax/Bcl-2 ( Figure 4G and I). Consistently, both proliferation promotion and apoptosis repression roles of miR-155-3p mimics were terminated when the cells were transfected with miR-155-3p mimic and OE-CADM1 at the same time ( Figure 4D and F) , as well as the reductions of the relative expression of cleaved cas-pases3/caspase3 ( Figure 4H) and Bax/Bcl-2 ( Figure 4J ). Moreover, up-regulation of miR-155-3p promoted cell tumorigenesis and down-regulation of it repressed tumorigenesis, and the roles of miR-155-3p up-regulation or downregulation played in tumorigenesis were significantly abolished when CADM1 and miR-155-3p were simultaneously up-regulated or down-regulated ( Figure 5 ). Taken together, these data demonstrated that miR-155-3p promoted breast cancer progression via down-regulation of CADM1 expression.
Discussion
CADM1 has been identified as a tumor suppressor in breast cancer, and its low expression level closely associates with patients' advanced clinical and pathological characteristics and poor prognosis, [6] [7] [8] 16 suggesting that CADM1 might be regarded as an effective target for breast cancer treatment. CADM1 is a target of many miRNAs, such as miR-1246, 17 miR-10b, 18 miR-21, 19 miR-214 20 and miR-375. 20 The present study explored the relationship between CADM1 and miR-155-3p. The expressions of miR-155-3p and CADM1 were investigated in 40 matched primary breast cancer tissues and corresponding normal tissues. High expression of miR-155-3p was observed in breast cancer tissues while low expression of CADM1 was observed, which indicated that there might be a possible interaction between miR-155-3p and CADM1 in breast cancer. It was further confirmed in the following WB analysis and luciferase report assay, which showed that miR-155-3p negatively regulated CADM1 expression in breast cancer MCF-7 cells. Multiple clinical and pathological factors are used to classify breast cancer patients so as to evaluate patients' prognosis and determine the best treatment options, including age, tumor size, LN metastasis, lymphovascular invasion, nuclear grade, expression pattern of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER-2). 6, 21, 22 In the current study, we found that high expression level of miR-155-3p showed a positive association with patients' LN metastasis (P=0.001) and advanced TNM stage, but had no significant influence in the expression levels of PR, ER and HER-2. In addition, the prognosis analysis indicated that patients with miR-155-3p high expression had a shorter OS than that of patients with miR-155-3p low expression. Our findings were consistent with previous studies. 14, 23, 24 Zuo et al 25 reported that inhibition of miR-155 could significantly repress proliferation of breast cancer MDA- MB-231 cells in vivo and in vitro, and miR-155 expression levels strongly correlated with cells' stem-like properties. Wang et al 26 revealed that up-regulation of miR-155-5p promoted cell proliferation and reduced bufalin-induced apoptosis in triple-negative breast cancer cells. In this study, we revealed that up-regulation of miR-155-3p significantly promoted the proliferation and tumorigenesis and repressed apoptosis of breast cancer MCF-7 cells, but these effects were all broke up when CADM1 was over-expressed, indicating that miR-155-3p promoted the progression of breast cancer in a CADM1-inexistent manner.
However, there are several limitations in our study. CADM1/TSLC1, as a membrane-spanning glycoprotein pertaining to the superfamily of immunoglobulin cell adhesion molecules, has been proved that its depletion accounts for a main reason for cancer cell invasion and metastasis. 27, 28 Besides, miR-155 was reported to induce drug resistance in breast cancer. 29 However, whether miR-155-3p can enhance cell migration and invasion, as well as induce drug resistance through down-regulating CADM1 expression in breast cancer is not illuminated in the current study. We intend to reveal it thoroughly in the further study.
In conclusion, this study reveals a strong correlation between miR-155-3p high expression and breast cancer patients' LN metastasis and TNM stage. We first illustrate that overexpression of miR-155-3p negatively regulates CADM1 expression and then promotes the advanced progression of breast cancer. MiR-155-3p/CADM1 axis might serve as a novel biomarker to predict the progression and prognosis of breast cancer, as well as a potent therapeutic target for breast cancer treatment. 
